We designed a data-based semi-quantitative food frequency questionnaire to clarify the relationship between food intake and lifestyle-related diseases among middle-aged Japanese. Methods: A total of 351 middle-aged individuals were recruited to a one-day weighed diet record survey in 1994. In all, 586 foods were consumed. Intakeof 31 nutrients including energy, protein, fat, carbohydrate, vitamins, minerals and dietary fiber by food was computed by multiplying the weight of food consumed by its nutrient content. First, 252 foods with up to 90 cumulative 0/0 contribution to nutrientintakewere selected. Of these, foods having apparently the same/similar nutrient content were combined into 206 foods by research dietitians. Next, 183 foods with up to 0.90 cumulative multiple regression coefficient and 90 cumulative % contribution were chosen. At this stage an additional food grouping was made. Results: Finally, 102 foods/recipes were included in the questionnaire: rice (2 items), bread and noodles (11), eggs, milkand dairyproducts (10), soybean, soybean products andotherbeans (7), meat including beef, pork and chicken (12), fish (5), other fish, shellfish and fish products (10), green-yellow vegetables (8), other vegetables and mushrooms (7), edible roots (2), seaweeds (3), seeds (2), fruits (8), beverages (7) and confectioneries (8). The frequencies were classified intoeight categories. Portion size was calculated for the respective foodslargelyfrom the one-day weighed diet record.
INTRODUCTION
As is well known, the Japanese enjoy the longest life expectancy in the world, which may be accounted for by genetic predisposition, modest lifestyle, improvements in sanitary environment and a well-organized health care/medical/welfare system. Three-
Development of data-basedSQFFQ
undertaken for preparing this SQFFQ and the foods largely contributing to nutrient intake of interest and serving to classify individuals efficiently into a tertile/quartile/quintile categorization.
SUBJECTS AND METHODS

SUBJECTS
A total of351 (171 males and 180 females) middle-aged Japanese living in Aichi, Mie and Gifu Prefectures, in Central Japan, parents of student dietitians attending a Junior College and majoring in nutrition, participated in a one-day WDR survey during October-November 1994. The mean ages ± standard deviations for males and females were 50.2 ± 5.2 and 46.9 ± 4.4, respectively.
WEIGHED DIET RECORD
The WDR was carried out on a weekday. Weight measurement was done before cooking if food was prepared at home, otherwise after cooking. Foods were weighed individually; while foods such as soup were divided by the number of household members. Not only completeness but also accuracy ofWDR were reviewed by the respective students and research nutritionists.
NUTRIENTS OF INTEREST
The following 31 nutrients were selected: energy, protein, fat, carbohydrate, total dietary fiber (TDF) [including soluble dietary fiber (SDF) and insoluble dietary fiber (IDF)], minerals (including potassium, calcium, magnesium, phosphorus, iron, zinc and copper) and vitamins (including carotene and vitamins A, C, D and E). Fat was divided into saturated fatty acids (SFA), mono-unsaturated fatty acids (MUFA) (including oleic acid), polyunsaturated fatty acids (PUFA), n-6 PUFA, n-3 PUFA and cholesterol. n-6 PUFA was subdivided into linoleic acid (l8:2n-6) and arachidonic acid (18:3n-6) and n-3 PUPA was divided into a-linolenic acid (18:3n-3), eicosapentaenoic acid (EPA, 20:5n-3) and docosahexaenoic acid (DHA, 22:6n-3).
SELECTION OF FOODS/RECIPES
In all, 586 foods were consumed by the subjects. The nutrient intake by food was computed by multiplying the food intake (in grams) or serving size by the nutrient content per gram of food as listed in the Standard Tables of Food Composition, Version 4 and  the Follow-up of the Standard Tables of Food Composition,  Version 4 (4, 5) . First, modified CA was applied to nutrients of interest as follows (6, 7) . We defined the percentage contribution of nutrient k by food i as the arithmetic mean of the individual % Komatsuna, green pepper, garland chrysanthemum, leek, okra); other vegetables (e.g. cucumber, lettuce, bean sprouts, onion, eggplant, Chinese cabbage); edible roots (e.g. potato, sweet potato, taro, yam) and so on. Next, not only CA but also forward MRA (8) were performed by adopting total intake of a specific nutrient as the dependent variable and overall amounts of nutrient from 206 foods as the independent variables for the 351 individuals (9-11). We chose 183 foods with up to 90 cumulative % contribution and 0.90 cumulative multiple regression coefficient/cumulative R2.However, seasonings, such as salt and Shoyu (soy sauce), were excluded from the questionnaire and some foods, such as brown rice, kiwi fruit, strawberries, potato chips and milk powder, were intentionally included. At this phase we did additional food grouping. Finally, 102 foods/recipes were included in the SQFFQ.
Rice is a Japanese staple food and substantially provided most nutrients. Rice intake was inquired into in a special manner, that is, the intake frequency and portion size according to the size of rice bowl for breakfast, lunch, supper and meal/snack between meals, respectively.
Supplementary questions regarding fat and oil intake were also prepared. Intake frequency of vegetable oil, mayonnaise, dressing, butter, margarine, lard, etc. and foods/recipes cooked with such fat and oil were asked about separately by dish. The brand names of fat and oil consumed at home were further surveyed to assess fatty acids intake. Sea foods such as fish, shellfish and seaweeds are also part of the typical Japanese diet and they are major sources of n-3 PUFA such as EPA and DHA; therefore, food grouping was left rather loose in order to ascertain the intake of such nutrients.
Other information was collected on the type of breakfast (e.g. Japanese or Western type), the intake frequencies of fish and meat, lean and fatty meat, and chicken skin, the frequency of eating out and the type of food (e.g. Japanese, Chinese or Western) along with sweetness and saltiness.
In addition, a separate lifestyle questionnaire included smoking, physical exercise and sleeping hours, inquiries with regard to intake of alcohol, vitamin and mineral supplements, and functional (or designer) foods. The proportion of individuals taking vitamin and mineral supplements, however, was very small in this study population, and intake of vitamin and mineral supplements was not taken into consideration. Intake frequencies were classified into eight categories: never or seldom, 1-3 times per month, 1-2 times per week, 3-4 times per week, 5-6 times per week, once a day, twice a day and three or more times a day. For beverages, including coffee, green tea, black tea and oolong tea, questions on intake frequency were left open-ended when the answer was more than 5-6 times per week.
PORTION SIZE
The meanportion size (or average serving size) was calculatedfor the respectivefoods from the one-day WDR and typical/standard values and/or natural units from the literature were also taken into account.Portion size was questioned whether the size was half as much, the same, 1.5times larger or twice the averageserving size. An open-ended response was also prepared. Table 1 shows the intake of energy, protein, fat and carbohydrate by study subjects. More macro-nutrients were consumed by males than females. These nutrients were slightly less than the national average in the respective age groups (12) . Energy intake was somewhat less than the Recommended Dietary Allowances (RDA) in either sex (13) . Protein intake was, however, slightly higher than the RDA. Approximately 60 g of fat on average or 25% of the fat-energy ratio was consumed, which was slightly above the RDA.
RESULTS
STUDY SUBJECTS
SELECTION OF FOODS/RECIPES
As mentioned,586 foods were initially consumed by the subjects. Firstly, CA was used and 252 foods with up to 90 cumulative % contribution were chosen for 31 nutrients. Those foods having apparentlythe same/similarnutrient contents were combined into 206 foods by the research nutritionists. Next, 183foods satisfying not only the 90 cumulative % contribution but also 0.90 cumulative R2 were selected. The mean number of foods by CA was 46.7 with a range of 18 for carotene to 94 for phosphorus, which was significantly greater than the mean by MRA of 21.6 with a range of 1 for zinc and copper to 59 for protein (Table 2) . *Stopped at 85% partly because 51 subjects did not consume foods/recipes providing EPA.
LIST OF FOODS/RECIPES
According to the categorizationscheme of the Standard Tablesof Food Composition (4, 5) , 102 foods/recipes were included in the SQFFQ as follows: rice (2 items), bread and noodles (11), eggs, milk and dairy products (10), soybean, soybean products and other beans (7), meat including beef, pork and chicken (12) , fish (5), other fish, shellfish and fish products (10), green-yellow vegetables (8), other vegetables and mushrooms (7), edible roots (2), seaweeds (3), seeds (2), fruits (8), beverages (7) and confectioneries (8) (see Appendix). One-third of the energy was contributed by well-milled rice, followed by white bread, chicken egg, milk (whole) and salad oil (mixed) according to CA (Table 3) . Well-milledrice, beer, white bread, beef (chuck loin) and Chinesenoodles were selectedin that order by MRA.
Developmentofdata-based SQFFQ
CA revealed that approximately 15% of total protein was derived from well-milled rice, followed by chicken egg, white bread, tofu (soybean curd) and salmon(Table4). Well-milledrice, round herring (salted and dried, round), chicken egg, yellowfin tuna and Shoyu (soy sauce) were chosen by MRA.
For fat, chicken egg was ranked at the top based on CA, followed by salad oil (mixed), vegetable oil (mixed), milk (whole) and mayonnaise (egg yolk type) (Table5). Pork (ground meat), mayonnaise (egg yolk type), pork (Boston butt), chicken egg and salad oil (mixed) were selected by MRA.
More than half the carbohydrate was supplied by well-milled rice, followed by white bread, white sugar, Udon/Soba (Japanese noodles) and wheat flour on the basis of CA (Table 6) . Well-milled rice, Udon/Soba, Chinese noodles, white bread and coffee drink (canned) were chosen by MRA.
PERCENTAGE COVERAGE OF NUTRIENTS BY SQFFQ
The percentage coverage of 31 nutrients by the SQFFQ was computed assuming all 586 foods as unity ( Table 7) . As mentioned, fat and oil intake in supplementary items in the SQFFQ and alcohol intake in a lifestyle questionnaire were taken into account. The average was 94% with a range from 85% for iron to 99% for a-linolenic acid.
DISCUSSION
Admittedly, the sample size was not largeenough and the one-day WDR was done in a specific seasonand in a selected area in Japan. We were naturally unableto estimate within-individual variation on the basis of a one-day WDR. The present data therefore were not necessarily accurate or complete in terms of quality and quantity. The averageintakeof macro-nutrients, however, was somewhat less than the national data published (12) and slightly greater than the RnA (13); hence the profiles of study subjects were unlikely to be very different from those of the general population.
In choosing foods/recipes, there are two contrasting methods (14) (15) : one is based on CA (6,7) and the other on MRA (9-11). Each method has its particular advantagesand disadvantages.The former approach is based on absolute intake and is useful for making energy adjustments. Hence this procedure is especially suitable for studies to clarify the association with absolute nutrient intake but often inappropriate for categorizing individuals. The latter is based on the variance of nutrient intake. The cumulative R 2 was explained by a significantly smaller number of foods than cumulative % contribution, that is, MRA may be efficientin categorizingindividuals,but unsuitablefor computing the absolute nutrient level.
Substantial foods selected by MRA were covered by those chosen by CA; rather, specific foods were only chosen by MRA.
The ranking was very different by each type of analysis. Well-milled rice, a Japanese staple food, is an exception; it was not only the greatest source of variance contribution but also the largest source of absolute contribution to energy, protein and carbohydrate. Chicken egg, for example, was ranked third in energy by CA but twelfth by MRA. On the other hand, Chinese noodles were a minor source of absolute contribution to energy but a major source of variance contribution.
It appeared odd that Shoyu (soy sauce) was chosen as a major provider of protein according to CA and MRA. Shoyu, however, is often used for seasoningof foods, including meat and fish, and seemed to have contributed substantially to absolute intake and variance in intake of protein. We know of an analogous observation where popcorn, cholesterol-freein itself, was picked as a major contributor to cholesterol, which may be plausibly explained by the fact that popcorn is ordinarily seasoned with butter in the USA (1). Seasonings, such as salt and Shoyu, were selected by CA and MRA for certain minerals including sodium and magnesium. However, they were excluded from the SQFFQ because it is difficult to weigh seasonings accurately and measure actual intake. On the other hand, brown rice, kiwi fruit, strawberries, potato chips and powdered milk were not consumed by the subjects because some of them have seasonal variations, but they were included because they are important sources of vitamins, minerals and fat.
The percentage coverage of selected nutrients by the SQFFQ was 94% on average with a range from 85% for iron to 99% for a-linolenic acid. The coverage of certain nutrients may be overestimated, owing in part to the incompleteness of the composition table. The values were more than 81 %, mathematically computed by multiplying 0.90 by 0.90 (that is, we selected foods according to 90 cumulative % contribution twice), substantially because foods chosen for other nutrients have covered a specific nutrient and supplementary questions in terms of fat and oil intake eventually attained a high coverage of fat, fatty acids and related nutrients. Consequently, the SQFFQ developed seemed efficient not only in estimating the absolute intake of nutrients, except for certain minerals, but also in categorizing individuals by variance in intake.
Although the reproducibility of dietary questionnaires has often been evaluated in Japan (16) (17) (18) , few validation studies have been carried out (19) (20) (21) (22) . To our knowledge, few data-based Japanese SQFFQs have been developed. Questionnaires were frequently prepared by selecting foods on the basis of the nutrient content from the food composition tables according to researchers' interest, by citing historical questionnaires or by referring to National Nutritional Surveys. Such questionnaires appeared unsatisfactory for elucidating specific hypotheses. They were mostly designed to ask only about frequency and seemed inefficient in calculating nutrient intake and values adjusted for energy intake. Japanese dietitians have been concerned about calculating food and nutrient intake and giving advice on whether a client's nutrient intake is deficient or excessive. Epidemiologists, nutritionists and biostatisticians should collaborate to prepare a valid and reliable SQFFQ to be applied to a particular population under a specific hypothesis. 
